Based on the observations from 239 meteorological stations located in Central China (Henan, Hubei and Hunan provinces), this paper focuses on the climate change facts during 1961-2010. There was a significant increasing trend in annual mean temperature for Central China during 1961-2010. The increasing rate was 0.15
Introduction
According to the IPCC Fourth Assessment Report (AR4) [IPCC, 2007] , the second half of the 20th century could be the warmest 50 years in the past 1,300 years. During the 50 years from 1956 to 2005, temperature had increased 0.65
• C. The warming was most significant in winter. While the global land precipitation in the 20th century had increased 2%; the changes in various regions were not the same to say the least. In China, the national mean temperature had increased 1.38
• C from 1951 to 2009; precipitation had no obvious trend; the extreme precipitation events had increased and intensified in the middle and lower reaches of the Yangtze River as well as in southeastern and western China [ECSCNARCC, 2011] .
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ADVANCES IN CLIMATE CHANGE RESEARCH
Central China is referred to as the region of three provinces: Henan, Hubei and Hunan. It is located in the transition zone of north-south climate regimes, which is sensitive to climate change (Fig.  1) . With global change, climate in Central China has also undergone significant changes. There have been researches focused on individual province in Central China [Zheng et al., 2002; Ni et al., 2009; Li et al., 2012; Gu et al., 2010; Zhang et al., 2008; Luo et al., 2008] . However, few have taken the whole Central China as the research area to study the regional climate change and its impact. Central China plays an important role in China's economic development. It is an important grain production base. Researches on climate change in Central China will certainly provide scientific basis for adaptation to and mitigation of climate change and ensure the sustainable development of regional economy. Researches on climate change in Central China will provide the refinement and supplement to the National Assessment Report [ECSCNARCC, 2011] on the regional scale. It is also the basis for the provinces in the region to address climate change.
Data and methodology
Data
The observational data at 239 national meteorological stations from 1961 to 2010 are from the meteorological archives of Henan, Hubei and Hunan provinces, including daily data of mean temperature, maximum temperature, minimum temperature, and precipitation. The climate base years are from 1971 to 2000.
Methodology
According to Zhai and Pan [2003] , the 95th percentile or 5th percentile is selected as the threshold of extreme event. The 95th percentile of daily maximum temperature from 1971 to 2000 is defined as the threshold for extreme high temperature events. Similarly, the threshold of the extreme low temperature events is defined as the 5th percentile of daily minimum temperature.
In this paper, the standard to divide the four seasons is critical temperature. When the 5-day running average daily mean temperature steadily passes a critical value, a new season has started. Specifically, the first day of the 5-day running average steadily above 10
• C and 22
• C is the first day of spring and summer, respectively; and the last day of the 5-day running average steadily below 22
• C and 10 • C is the first day of autumn and winter, respectively.
High-temperature days are the days with daily maximum temperature 35
• C. Hot days are the days with daily maximum temperature 30
• C and daily minimum temperature 27
• C. Rainy days are the days with daily precipitation 0.1 mm. Rainstorm days are the days with daily precipitation 50 mm but <100 mm. Heavy-rain days are the days with daily precipitation 100 mm. Precipitation intensity is annual precipitation total divided by annual rainy days. Each regional mean element for Central China is the arithmetic average at all the stations.
Five different homogeneity tests are used in this paper: 1) standard normal homogeneity test [Alexandersson, 1986] ; 2) Buishand test [Buishand, 1982] ; 3) Pettitt test [Pettitt, 1979] ; 4) binomial regression test; 5) multi-linear regression test [Vincent, 1998] . When a time series passes any two of these tests, it is said to be homogeneous.
Temperature series at 117 stations passed the homogeneous tests. In order to make the distribution of stations more uniform, 102 stations were selected for temperature analysis (Fig. 2a ) Li et al., 2005] . By the same approach, 233 stations were selected for precipitation analysis (Fig. 2b) . The linear trend is calculated by linear regression; decadal variation analysis is through polynomial fitting [Wei, 
Results
Temperature
Annual mean temperature significantly
increasing, most obvious in the mideastern part and in winter During 1961 During -2010 , there was a significant increasing trend in annual mean temperature for Central China (Fig. 3) . The temperature increasing rate is 0.15
• C per decade, which is lower than the national mean increasing rate (0.23
• C per decade from 1951 to 2009) [ECSCNARCC, 2011] and slightly higher than the global increasing rate (0.13
• C per decade from 1956 to 2005) [IPCC, 2007] . There has been significant increasing since the mid-1980s, especially since 1994. From 1997 to 2010, the abnormally high temperature persisted for 14 consecutive years.
The increasing rate in annual mean temperature during 1961-2010 was large in eastern Hubei and northeastern Hunan, at the rate of 0.21 to 0.32
• C per decade. There was no obvious increase in western Hubei, northeastern and central Henan (Fig. 4) .
The increasing rates for mean temperature in winter, spring and autumn from 1961 to 2010 were statistically significant, with the largest in winter (0.27
• C per decade) followed by spring (0.23
• C per decade). Slightly decreasing trend was found in summer.
During 1961-2010, the increasing rate in the annual mean maximum temperature was 0.13
• C per decade. There was also a significant increasing trend in the annual mean minimum temperature, 0.23
• C per decade, which was much larger than that in the annual mean maximum temperature. As a result, the annual mean diurnal range of temperature was significantly decreasing at the rate of -0.10
• C per decade.
More extreme high temperature events and fewer extreme low temperature events
The extreme high temperature events showed in- 
Precipitation
No obvious trend in annual precipitation
From 1961 to 2010, there was no obvious linear trend in annual precipitation for Central China. However, interdecadal variations were significant. Before the early 1990s, 2-to 3-year oscillation was prevalent. There were more precipitations from 1993 to 2004. Since 2005, annual precipitation began to decrease (Fig. 6) .
For the spatial distribution, weak increasing trends were observed in eastern Hunan, eastern Hubei and eastern Henan, whereas slight decreasing trends were found in northwestern Henan, western Hubei and western Hunan (Fig. 7) . From 1961 to 2010, there was a significant increasing trend in precipitation in summer and winter for Central China, with the rate of 15.9 and 6.3 mm per decade, respectively. The increasing rate in spring was not obvious. Precipitation in autumn was decreasing at the rate of -12.2 mm per decade during 1961-2010.
Rainy days decreasing significantly while precipitation intensity increasing
From 1961 to 2010, annual rainy days for Central China was 128 d per year in average which had a significant decreasing trend at the rate of -3.4 d per decade (Fig. 8 ). There were more rainy days from the 1960s to 1970s and less from the mid-1990s to 2000s. Rainy days were lower than normal in 13 years among the 16 years after 1995. There was a significant increasing trend in precipitation intensity for Central China during 1961-2010, with the rate of 0.25 mm d −1 per decade (Fig. 9) . This means that precipitation in Central China was more concentrated with increasing temporal inhomogeneity. In 1998, the precipitation intensity was the largest (10.7 mm d −1 ) because there were more precipitation processes from June to August, with more rainstorm days and more precipitation amount in Hubei and Hunan induced by the abnormal Meiyu. The year of 1966 was a dry year with the least precipitation amount and precipitation intensity (6.7 mm d −1 ). There was a significant increasing trend in annual rainstorm days from 1961 to 2010 in Central China. The heavy-rain days increased significantly at the rate of 0.03 d per decade. The annual rainstorm days and heavy-rain days were both more than normal during the past 20 years. The increasing trend in rainstorm days in Hunan province was the most significant in the three provinces Luo et al., 2008] . The linear trend in the date of first day of spring, summer, autumn and winter from 1961 to 2010 for Central China is -1.9, -0.5, 1.0, and 0.6 d per decade, respectively. Spring started significantly earlier while autumn started significantly later. After entering the 21st century, the first day of spring came 8 days earlier than normal and the first day of autumn came 5 days later than normal.
There was an expanding trend in spring and summer duration from 1961 to 2010 while there was a shortening trend in autumn and winter duration. The liner trend in duration of spring, summer, autumn and winter was 1.3, 1.5, -0.1, and -2.4 d per decade, respectively. The expanding of summer duration and shortening of winter duration was statistically significant. In the 2000s, change in the four seasons' dura-tion was significant. The duration of spring and summer was 7 and 5 d longer than normal, respectively, while the duration of autumn and winter was 2 and 9 d shorter than normal.
Conclusions and discussion
(1) There was a significant increasing trend in annual mean temperature from 1961 to 2010 for Central China (0.15
• C per decade). Large increasing rates were observed in the mid-eastern part of the region. The temperature increasing rates in winter, spring and autumn were significant, with the largest in winter, whereas temperature in summer showed a decreasing trend. The annual mean diurnal range of temperature had decreased significantly. The extreme high temperature events showed interdecadal variations. There was a significant increasing trend in hot days. Extreme low temperature events decreased from 1961 to 2010.
(2) There was no obvious linear trend in annual precipitation amount for Central China from 1961 to 2010. Weak increasing trends were observed in the eastern part of the region while slight decreasing trends were found in the western part. The precipitation amount in summer and winter displayed a significantly increasing trend. From 1961 to 2010, no significant change was observed in spring while a decreasing trend was found in autumn. There was a significant decreasing trend in annual rainy days. As a result, a significant increasing trend was found in annual precipitation intensity. Heavy-rain days in Central China increased significantly from 1961 to 2010. The conclusions of the climate change facts for Central China are basically consistent with the results in the National Assessment Report [ECSCNARCC, 2011] and with those from the studies for each individual province [Luo et al., 2008; Chen et al., 2009; Wang et al., 2010; Li et al., 2012] , whereas slight differences exist in the change rates. The main reasons of the differences are: firstly, different number of stations and different time period of observations were used; secondly, climate change in Central China is also influenced by the regional geographic location, topography, urbanization and other factors [Ren, 2008] .
Under the background of global change, climate change in Central China is significantly influenced by greenhouse gases, land utilization change (including urbanization), aerosol and other human activities. At the same time, internal factors of the climate system also have significant influence on the climate change in Central China [IPCC, 2007; ECSCNARCC, 2011; Ren, 2008] . El Niño is one of the processes to cause abnormal temperature and precipitation in central China [ECSCNARCC, 2011] . No doubt, the cause of climate changes in Central China still needs further research.
